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Using a combination of lattice QCD calculation of the strange-quark form factors, and 
experimental (anti) neutrino differential cross-section data in a regime where nuclear 
effects are shown to be negligible, we obtain a precise determination of the weak axial 
form factor in the regime 0≤ Q2 ≤1 GeV2, and of the corresponding weak-axial charge. 
We are thereby able to reproduce the MiniBooNE and BNL E734 data for the (anti) 
neutrino-nucleus differential cross section to high precision, showing that the nuclear 
corrections to the experimentally extracted cross section in this kinematic regime are 
very small. The calculation will play an vital role in understanding nuclear effects in 
neutrino-nucleus scattering.



Motivation

¥ Neutrino experiments are aimed at looking for neutrino 
oscillations - need precision knowledge of neutrino 
nucleon and neutrino nucleus scattering.. É+ neutrino 
flux/energy.

MiniBoone Detector

BNL E734



Introduction

among the nuclear physics community to the measurements of NCE. However, after BNL E734 there

has been no specially designed experiments to measure the NCE channel. MiniBooNE and SciBooNE

are among the recent ones that are able to measure the NCE channel with very high statistics, but

their primary goal was not the NCE channel. MiniBooNEÕs primary goal is the! µ ! ! e oscillation

search at ! m2 " 1 eV2, while SciBooNE was designed to measure CCQE and both NC and CC

pion production cross-sections.

3.2 Neutral Current Elastic Scattering on Free Nucleons

We Þrst describe the neutrino neutral current elastic scattering cross-section on free nucleons. This

is represented by the formula:

! (q1, " 1) + N (p1, #1) ! ! (q2, " 2) + N (p2, #2),

where the labelspi , qi and q refer to the energy-momentum and" i , #i to the spin of the particles.

The coresponding Feynman diagram is shown in Fig. 3.1.
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Figure 3.1: Feynman diagram for the neutrino-nucleon neutral curent elastic scattering.

Neglecting the neutrino mass, the di" erential cross-section in the laboratory frame can be ex-

pressed as:

d"
dQ2 =

!
|M |2

"

64$m2
N E 2

!
,

where Q2 = # q2 is the four-momentum carried by Z 0, q = p2 # p1 = q1 # q2,
!

|M |2
"

is the matrix

element squared averaged over the initial and Þnal spin particles (since the particle polarizations are

generally not measured), andE! is the neutrino energy.

The only particle one would observe in the detector is the nucleon. One can expressQ2 through

23

Measured in 

Gives access to Neutral-Current Form Factor

! (ø! )N �! ! (ø! )N
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ÒV-AÓ Form

Vector Axial-Vector



Introduction - II
Write the elastic differential cross section as 

where 

A, B, C involve both neutral weak form factors and vector 
form factors

d!
dQ2 =

G2
F

2"
Q2

E 2
!

(A ± BW + CW 2)
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neutrino

anti-neutrino
! =

Q2

4M 2
P

W = 4( E! /M p ! ! )
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MiniBoone Detection

MiniBoone data in 0.3 < Q2 < 0.7

CH2 Target - scattering off free nucleons (H) + bound nucleons (C)



Vector Form Factors: strategy
To describe differential cross section data, or to extract the 
neutral-current axial-vector form factor, we need to know the 
(neutral current) vector form factors. Related to electromagnetic 
form factors, but with different combination of ÒchargesÓ:

F Z
1,2 =

!
1
2

! sin2 ! W

"
#
F p

1,2(Q2) ! F n
1,2(Q2)

$
! sin2 ! W (F p

1,2 + F n
1,2) !

F s
1,2

2
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Ye, Arrington, Hill and Lee, Phys. lets B777,8 (2018)
R. Sufian et al (XQCD), PRD96, 114504 (2017)

z-expansion to nucleon experimental  
EM form factor data

Lattice results for Gs
E,M

R. Sufian, Phys. Rev. D 96, 093007 (2017)

R.Sufian et al., XQCD,Phys. Rev. Lett. 118, 042001 (2017 



z-expansion

In timelike region, there is a cut in the EM form factor corresponding 
to                   , that is at               . 

Introduce mapping

! ! " " t = 4m2
"

Model-independent expansion 

where                and   

then expand 

R.Hill, G.Paz, PRD82, 113005 (2010)

z =
!

tcut + t "
!

tcut!
tcut + t +

!
tcut
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k=0

akz
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Strange EM form factors

Strange-quark contributions to GEM are very significant

Plots from R. Sufian et al, PRD96, 114504 (2017) 



Neutral-current axial form factor

GZ
A (0) = ! 0.754± 0.040
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Gs
A (0) = ! 0.2357± 0.08
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3rd order z-
expansion fit

For axial-vector current, 
threshold 

tcut = (3m" )
2

GZ
A =

1

2
(GA

s " GCC
A )
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A (0) = ! 0.2357± 0.08
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LHPC, Phys. Rev. D 95, 114502 (2017)
Strange quark spin ! s

A
= Gs

A
(0)

0.1 0.2 0.3 0.4 0.5
m! (GeV)

! 0.18

! 0.16

! 0.14

! 0.12

! 0.10

! 0.08

! 0.06

! 0.04

! 0.02

0.00

gs A

QCDSF
Engelhardt
ETMC
CSSM and QCDSF/UKQCD
LHPC
" QCD
Phenomenology (JAM15)
Phenomenology (JAM17)
Phenomenology (NNPDFpol1.1)

For overview of phenomenology! talk Tuesday by Werner Vogelsang
Jeremy Green | DESY, Zeuthen | EINN 2017 | Page 27

J. Green



Axial-current Form Factor - II

…inconsistent description of neutrino and antineutrino data if assume Gs zero



Reconstruction of cross section

¥ Now reconstruct the MiniBoone differential cross 
section over the whole range 0 < Q2 < 1 GeV2

Consistent description of neutrino and antineutrino data

Pauli blocking/nuclear shadowing



BNL Data

Provides faithful description of BNL data that was not used in analysis



Summary and Conclusions

¥ Used combination of parametrisations of experimental EM form factor data and 
lattice calculations of strange quark EM form factors to extract to extract 
neutral-current form factors from MiniBoone data                         . 

¥ Parametrization provide good description to                     for both MiniBoone 
and (independent) BNL data. 

¥ Precise knowledge of !N scattering differential cross-section allows us to refine 
knowledge of nuclear effects. 

¥ Comparison with ab initio calculations of neutral-current axial-vector form 
factors.

0.3# Q2 # 0.7GeV2

Q2 # 1GeV2


